, we measured average fluorescence mechanisms that could explain the observed fluorescence profiles, we simulated diffusion, binding, and unwithin a 5 m circle centered at the pipette tip while changing the Ca 2ϩ concentration in the bath (insets in binding of Ca 2ϩ ions and Rhod-5N molecules using a multicompartmental model (Rusakov, 2001 ). This in- Figure 1C) . A summary of these experiments is plotted in Figure 1C ( Figure 1B) . Importantly, the simulated tip (square symbols in Figure 1C ) matched the experimental dependence (bars in Figure 1C ). profile of bound Ca 2ϩ (red solid line in Figure 1B) could "delayed-to-initial" ⌬F/F ratio by 42% Ϯ 15%, (p Ͻ 0.024, release probability by reducing the presynaptic action n ϭ 11) in cultured slices and the "second-to-first" ⌬F/F potential (AP)-evoked Ca 2ϩ influx. We asked, therefore, ratio by 17% Ϯ 6% (p Ͻ 0.022, n ϭ 10) in acute slices. whether we could facilitate Ca 2ϩ influx into axonal termiAt the same time, the Ca 2ϩ -dependent response to the nals during repetitive spikes by blocking the putative first spike was not affected in either preparation (averCa 2ϩ sinks at these synapses, which we identified as age change in ⌬F/F: ϩ0.5% Ϯ 3.0% and ϩ0.4% Ϯ 4.3%, NMDAR-mediated conductances (see above). To test respectively). We also tested whether these phenomena this possibility, we recorded AP-evoked Ca 2ϩ transients could be explained by the inhibitory presynaptic actions in axon boutons of CA3 pyramidal cells using fast confoof endogenous retrograde messengers, such as adenocal imaging. In cultured hippocampal slices, CA3 cells sine or cannabinoids, which might be released postsynwere impaled with a sharp electrode filled with a mixture aptically in an NMDA-or depolarization-dependent of fluorescent Ca Figures 1-3) suggest that synaptically evoked extracellular Ca 2ϩ depletion could contribute to STD. To test release probabilities.
As expected, the absolute probability of the second tion phenomena could be observed in acute slices under successful EPSCs was consistently higher (1.5 to 2.0 baseline conditions, i.e., without dextran. To establish times) than that of the first, which is a common consethis, we tested whether STD is affected when the postquence of the residual Ca 2ϩ that persists within the tersynaptic voltage changes from Ϫ70mV to Ϫ20mV or minal following the first spike (Kamiya and Zucker, 1994;  to Ϫ90mV, which should, respectively, either relieve or Carter et al., 2002 ). Yet the probability of the second enhance the Mg 2ϩ block of NMDARs. As illustrated in EPSC was significantly reduced when the first EPSC Figure 4A , recorded minimal EPSCs lasted much longer was successfully generated, which has been attributed at Ϫ20mV compared to Ϫ70mV, reflecting an enhanced to the occurrence of STD at these synapses (Stevens contribution of NMDARs to the synaptic current. The and Wang, 1995). We assessed this STD simply by calsummary of these paired-pulse experiments is depicted culating the proportion (relative probability) of second in Figure 4D, Figure 4B Ϫ20mV. In contrast, changing the holding voltage could activate NMDARs under conditions of voltage from Ϫ70mV to Ϫ90mV had no effect on STD (average clamp (V m ϭ Ϫ70mV) and 1 mM Mg 2ϩ was surprising, change ϩ6.0% Ϯ 8.5%, n ϭ 13, Figure 4D ). This shows suggesting a significant soma-dendrite voltage drop in that, to obtain a Ca 2ϩ depletion effect, the postsynaptic these cells. When we reviewed our recordings in these membrane must be, at least locally and transiently, decultured slice preparations, however, it appeared that polarized. In control experiments ( Figure 4E ), preincubain more than 25% of the cases, the recorded trials were tion of slices in AM251 (see above) did not eliminate the discarded because CA1 pyramidal cells actually fired depolarization-dependent increase in STD, and subseaction potentials in response to a minimal stimulus (data quent application of DPCPX did not reverse this increase not shown). This indicates that, indeed, even a single either: the increase, however, was successfully reversed synaptic activation in these cultured slices could produce by application of D-APV ( Figure 4E ). These data argue a local depolarization sufficient to activate NMDARs. Beagainst a contributing role of the potential retrograde cause such strong depolarization had not been reported messengers, cannabinoids and adenosine, in the NMDARin acute slices, we carried out two other sets of experidependent STD component. ments to assess the role of Ca 2ϩ depletion in the latter preparations. Discussion First, we lowered extracellular diffusivity by adding 5% dextran (40 kDa) to the superfusate, as described
The 
Preparation and Electrophysiology
Is it possible to detect Ca 2ϩ depletion using direct sivity of all three diffusional components (e.g., to reflect tortuosity) Fast presynaptic Ca 2ϩ influx in CA3 pyramidal cell presynaptic produced negligible changes in the fluorescence profile sensitivity boutons was imaged in cultured slices using ordinary confocal mito external Ca 2ϩ . Given these relationships, the probe calibration in croscopy or in acute slices using two-photon excitation microscopy. free solution ( Figure 1C 
